Claims 



An apparatus for inspecting an obstructed circumferential portion of a generally 



[c2] 



cylindrical object comprising: 
a support; 

a generally arcuate frame defining an opening; 

a holding mechanism for temporarily fixing the position of the frame adjacent 
the generally cylindrical object; 

\connector, the connector arranged between a lower portion of the support and 
th^rame, the connector allowing for pivotal movement of the frame about the 
support pole; 

a carrie\the carrier being supported by the frame and moveable along a 
portion ofVie arc described by the frame; and 

a sensor assembly arranged on the carrier and positioned adjacent a surface of 
the cylindrical object, the sensor assembly comprising a sensor head, 
whereby movemePtf of the carrier causes the sensor head to move over an 
arcuate portion of a\urface of the cylindrical object. 

An apparatus for inspectrloq an obstructed circumferential portion of a generally 
cylindrical object according\p claim 1 , wherein: 

the holding mechanism for terbporarily fixing the position of the frame adjacent 

a generally cylindrical object is sheeted from a group consisting of: 

first and second stand-off elementkof substantially fixed length and orientation 

arranged so that contact between theVdjustable stand-off elements and a 

surface of the cylindrical object cooperate to establish a generally coaxial 

orientation of the frame relative to the cylindrical object; 

first and second adjustable stand-off element wherein the length of the 

adjustable stand-off elements may be manuall^\djusted between a minimum 

length and a maximum length and are arranged s^hat contact between the 

adjustable stand-off elements and a surface of the cyjimdrical object cooperate 

to establish a generally coaxial orientation of the frame relative to the cylindrical 

object; \ 

first and second piston elements arranged and configured to^tend first and 

second pads to contact the surface of the cylindrical object, the\iston elements 
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Deing arranged so that compressive forces applied by the extended pads 
jainst a surface of the cylindrical object cooperate to establish a generally 



co|axia:rorientatibn"6^f'th^^^ to the cylinclrical bbje~ct; 

firs\and second magnetic elements arranged and configured to extend first and 
secoTO magnets to engage a ferrous surface of the cylindrical object, the 
magnetk elements being arranged and configured so that magnetic forces 
established between the extended magnets cooperate to establish a generally 
coaxial orielntation of the frame relative to the cylindrical object, and 
first and secotid vacuum elements arranged and configured to extend first and 
second vacuunXelements to engage a surface of the cylindrical object, the 
vacuum elementkbeing arranged and configured so that the pressure 
differential established between the extended vacuum elements and a surface of 
the cylindrical objec^ooperate to establish a generally coaxial orientation of 
the frame relative to tHfe cylindrical object. 

An apparatus for inspectiVg an obstructed circumferential portion of a generally 
cylindrical object according\o claim 1 , wherein the sensor assembly further 
comprises: 

a sensor actuator, the sensor actuator arranged and configured for fine 
movement of the sensor head relMive to the carrier, the range of movement 
being sufficient to compensate for^riations in positioning the carrier relative 
to the surface of the cylindrical objec\and thereby achieve a desired orientation 
of the sensor head and the surface of tft^ cylindrical object. 

An apparatus for inspecting an obstructed\^rcumferential portion of a generally 
cylindrical object according to claim 1 , wherein: 

the frame and the carrier are characterized by generally similar arcuate lengths; 
the carrier being arranged and configured for movement between a first 
position and a second position relative to the framX and further wherein 
in the first position, a first end portion of the carrier Pnoves in a generally 
arcuate path that extends substantially beyond a corre^onding first end of the 
frame and 

in the second position, a second end portion of the carrier Troves in a generally 
arcuate path that extends substantially beyond a correspondrag second end of 
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\ the frame. 

[cS] ^ \n apparatus for inspectmg aapbstructed circumferential portion.of a generally, 
c^^drical object according to claim 4, wherein: 

a fir?t sensor is arranged adjacent the first end portion of the carrier and a 
secondVsensor is arranged adjacent the second end portion of the carrier; and 
further wXerein 

the first senfeor tracks across a first scanned portion of the surface of the 
cylindrical object as the carrier moves between the first position and the second 
position and \ 

the second sensok tracks across a second scanned portion of the surface of the 
cylindrical object asuthe carrier moved between the first position and the second 
position. \ 

[c6] An apparatus for inspecmng an obstructed circumferential portion of a generally 

cylindrical object according to claim 5, wherein: 

the first scanned portion comprises at least about 1 80 degrees of the surface of 
the cylindrical object and \ 

the second scanned portion comprises at least about 180 degrees of the surface 
of the cylindrical object, wherebA 

the combination of the first and se\pnd scanned portions substantially defines a 
single annular portion of the surface^of the cylindrical object. 

[c7] An apparatus for inspecting an obstruc!|fid circumferential portion of a generally 

cylindrical object according to claim 1 , w\erein: 

the obstructed circumferential portion of t\e cylindrical object comprises an 
annular recess, the recess having an inner siVface and an outer surface and 
being characterized by a height to width ratio\f at least 4; and 
the sensor head is positioned adjacent a scannecl surface within the recess 
during the arcuate movement of the carrier, the relative position of the sensor 
head and the scanned surface being characterized b\a target separation. 

f^*^ An apparatus for inspecting an obstructed circumferentrbl portion of a generally 

cylindrical object according to claim 7, wherein: \ 
the sensor assembly being capable of adjusting the position\of the sensor head 
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\ relative to the carrier during carrier movement to maintain the target separation 
\ within predetermined limits. 

[c9] \ An apparatus for inspecting an obstructed circumferential portion of a generally 

cylindrical object according to claim 8/further comprising 
a^ontroller for automatically adjusting the position of the sensor head relative 
to\»e carrier during carrier movement to maintain the target separation within 
pred€|termined limits. 

[cl 0] An apparatus for inspection of a generally cylindrical object according to claim 

3, furtherVomprising: 

a sensor ac^uator, the sensor actuator arranged and configured for gross 
movement oHthe sensor relative to the carrier, the range of movement being 
sufficient to poaition the sensor adjacent two distinct circumferential portions of . 
the surface of th^ylindrical object without requiring any repositioning of the 
frame. \ 

[cl 1] An apparatus for insp^ting an obstructed circumferential portion of a generally 

cylindrical object accord^g to claim 1 , further comprising: 
first and second frame encl portions, the frame end portions being moveable 
with respect to an arcuate rase frame portion, 

the frame end portions beingVioveable between a first position that defines a 
maximum width of the openingWnd a second position that extends the arcuate 
path defined by the arcuate base\rame portion. 

AjTiethad of inspecting an obstructs circumferential portion of a generally 
cylindrical object using an apparatus obmprising a support, a generally arcuate 
frame, a holding mechanism for temporarily fixing the frame to the generally 
cylindrical object, a connector, a carrier suipported by the frame, and a sensor 
assembly comprising a sensor arranged on Vie carrier, the method comprising 
the steps of: \ 

orienting a longitudinal axis of the support genWally parallel to a longitudinal 
axis of the cylindrical object; \ 
positioning the frame and carrier for movement; \ 
positioning the support so that a lower portion of th^upport is generally 




App_rD=10065616 



Page 15 of 33 



jL a-s-u tDj-zajio Ji„ ii3 .ei .a- -s- iu ^^ o ic 



perpendicular to a portion of the generally cylindrical object to be scanned; 
positioning the frame in a measurement orientation in which the frame is 
genefally perpendicular to the^upport and partially~surTourrdra portion of the' 
generally cylindrical object; 

engaging the holding mechanism to establish a first position of the frame 
relarWe to the generally cylindrical object; 

positiolning the sensor adjacent an obstructed portion of the generally 
cylindriclU object; 

moving thkcarrier in a generally arcuate path, thereby moving the sensor along 
a circumfereVial portion of the obstructed portion of the generally cylindrical 
object to defin\ a scanned surface portion; and 

sensing a propei^ of the generally cylindrical object adjacent the scanned 
surface portion. \ 

[cl 3] . A method of inspectingwa generally cylindrical object according to claim 1 2, 

further comprising the stWps of: 
releasing the holding mechViism; and 

removing the apparatus from\he vicinity of the generally cylindrical object. 

[cl 4] A method of inspecting a generaTjy cylindrical object according to claim 12, 

further comprising the steps of: \ 
releasing the holding mechanism; \ 

repositioning the frame relative to the\enerally cylindrical object; and 
re-engaging the holding mechanism to establish a second position of the frame 
relative to the generally cylindrical object. \ 

[cl 5] A method of inspecting a generally cylindrical^bject according to claim 12, 

further comprising the steps of: \ 

generating a signal corresponding a value of the \roperty being sensed; and 
communicating the signal to a receiver. \ 

t^' ^1 A method of inspecting a generally cylindrical object aoicording to claim 1 2, 

wherein the step of moving the carrier in a generally arcu;ate path further 
comprises the steps of: \ 
positioning the carrier at an initial position within the frame^he initial position 
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being one in which the carrier is positioned substantially within frame; 
moving the carrier at least about 90 degrees along the arcuate path in a first 
Srectian, the "movement terminating at a first extended po'sitiohl and 
moving the carrier at least about 1 80 degrees along the arcuate path in a 
secomd direction, the second direction being the direction opposite the first 
dIrectlVi, the movement terminating at a second extended position. 

A methodlpf inspecting a generally cylindrical object according to claim 1 6, 
wherein thkstep of moving the carrier in a generally arcuate path further 
comprises tfre step of: 

moving the canrier at least about 90 degrees along the arcuate path in a first 
direction, the mc^yement terminating with the carrier In approximately the Initial 
position. 

A method of Inspectirb a generally cylindrical object according to claim 1 2, 
wherein the step of prepj^iring the frame and carrier for movement further 
comprises the steps of: 
positioning the carrier at an\nitial position within the frame, the initial position 
being one in which the carriei^s positioned substantially within frame; and 
positioning the frame at an deflected orientation relative to the support, the 
deflected position reducing an effective width of the frame in a direction 
perpendicular to a longitudinal axi^f the support. 

A method of inspecting a generally cylVidrical object according to claim 1 8, 
wherein the step of preparing the frame\nd carrier for movement further 
comprises the step of: 

positioning the sensor heads in a protectiv^orientation to reduce the likelihood 
of contact with an obstruction during steps o\positioning the support and 
positioning the frame. 

A method of inspecting an obstructed circumferential portion of a generally 

cylindrical objeclf^sing an apparatus comprising a\upport, a generally arcuate 

frame comprising a base portion and first and secon\ end portions, a holding 

— _ ^ 

mechanism for temporarily fixing the frame to the geAerally cylindrical object, a 



connector, a carrier supported by the frame, and a sensbr assembly comprising ^ 
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a sensor arranged on the carrier/the method comprising the steps of: 
^orienting a longitudinal axis of the support generally parallel to a longitudinal 

is of the cylihdricalrobject" * - > 

po^itioning the frame and carrier for movement, wherein th e fram e end portions 
l\ are ^Ijoved relative to the frame base portion to form an enla rged opening ; 
positi&ning the support so that a lower portion of the support is generally 
perpenqicular to a portion of the generally cylindrical object to be scanned;'^ 
positioninb the frame in a measurement orientation in which the frame is 
generally p^pendicular to the support and partially surrounds a portion of the 
generally cyliPidrical object, and further wherein the frame end portions are 
moved relative\o the frame base portion to reduce the enlarged opening an d 
complete the arc\ate frame; 



engaging the holdilim mechanism.^t o^estaN^^ position of the frame 

relative to the gen erally cylindric al^o bj e ct ; 

positioning the sensor\djacent an obstructed portion of the generally 
cylindrical object; 

moving the carrier in a gerlterally arcuate path, thereby moving the sensor along 
a circumferential portion of S^e obstructed portion of the generally cylindrical 
object to define a scanned surij^ce portion; and 

sensing a property of the gener^ly cylindrical object adjacent the scanned 
surface portion. {/^ 
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